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TUNNEL COST STUDY 
ROCHESTER OUTER LOOP, SCOTTSVILLE RD. TO LEHIGH VALLEY R.R. 
MONROE COUNTY, PIN 4040.20 101 


JP f fp 
Lyndon H. Moore, Soil Mechanics Bureau, Room 102, Bldg. fHeW 
R. N. Kamp, Structures Subdivision, 6th Floor, Bldg. 5 


B. F. Perry, Regional Director of Transportation, Region 4 
Wm. P. Hofmann, Technical Services Subdivision, Room 210, Bldg. 7A 


In accordance with your request at a meeting on March 22, 
1973, Jerry R. Howe, Associate Engineering Geologist, of 
this Bureau has prepared the following Tunnel Cost Study 
Report for the subject project. The cost summaries 
reported are based upon ideal subsoil and rock conditions 
that will not present unusual construction problems. A 
detailed design based upon extensive subsurface explora-~ 
tion and testing may result in actual construction costs 
considerably higher than those reported. 


During the cost study other important factors became 
apparent that should be considered in any feasibility 
study of the tunnel design. These factors are described 
in Section K of the report. Among the most important is 
the severe operational problems caused by the proximity 
of the Scottsville Road Interchange to the west portal 
on all alternates. The driver will have to cope with 
interchange traffic movements without adequate signing 
under rapidly changing light conditions. 


The need for massive ventilation buildings about 60 feet 
high will present an aesthetic and air pollution problem. 
On the southern alignment these buildings will be in the 
middle of the park. 


Maintenance and operation costs were also analyzed and 
will approach $500,000 per year. (Sect. I.) 
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June 30, 1973 DEPARTMENT OF TRANSPORTATION 


TUNNEL COST STUDY 


ROCHESTER OUTER LOOP, SCOTTSVILLE RD, TO LEHIGH VALLEY R.R. 
MONROE COUNTY, PIN 4040.20 101 


Jerry R. Howe, Associate Engineering Geologist 
Lyndon H. Moore, Director 

A. INTRODUCTION 
During the Spring of 1973 at the request of Mr. Robert N. Kamp 
of the Structures Design and Construction Subdivision, the 
Soil Mechanics Bureau coordinated an effort to prepare cost 
estimates for two methods of tunneling for each of two sep- 
arate routes carrying the Rochester Outer Loop Heneath the 
Genesee River, Red Creek and the Genesee Vailey Park. This 
report presents costs of tunnel alternates only. Additions 
and subtractions involved in both these or other alternates 
will be outlined and discussed elsewhere. The cooperative 
effort involved personnel from the Structures Design and 
Construction Subdivision, Region No. 4 and the Federal 
Highway Administration. Mr. James D. Washington, Tunnel 
Specialist, FHWA contributed extensively to this study and 


guided the project to successful completion. 


The original request for this work demanded a high and low 
range of costs for each of the two tunneling methods. During 
the course of the study it was determined that unknown natural 


cgnditions mentioned later in this report could increase 
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tunneling costs three-fold. It was therefore decided to estimate 
only the low range cost for each method and to base the estimate 


on optimistically favorable rock and water conditions. 


In order to progress the study satisfactorily it was decided 
to ieaiwels examine Alternate Route "A" and then "plug in" 
the figures obtained into the two tunnel alternates proposed 
for Alternate Route "B". The differences in cost reflect the 
difference in tunnel length and the pumping and ventilation 
requirements. It is assumed that other requirements remain 


approximately the same. 


Every effort has been made in the report to impart the fact 
that highway tunnels are massive and complicated structures and 
not merely "holes in the ground". Figures and Plates have been 
provided in order that those interested may gain some insight 
into tunnel design and construction. The Plates are somewhat 
diagrametrical. Construction drawings would be intricately more 


detailed. 
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B, SUMMARY 


Alternate Route "A" Estimated 1973 Cost* 
Tunnel Alternate One (Cut and Cover) $76,034,996 
Tunnel Alternate Two (Driven) $75,917,007 


Alternate Route ''B" 
Tunnel Alternate Three (Cut and Cover) $63,109,030 
6 


Tunnel Alternate Four (Driven) $67,647 ,136 


*With a few exceptions all tumnel item costs were obtained from 
actual bid prices submitted on tunnel projects between the 
years 1966 and 1969. Using a 1957 base equal to 100, the com- 
posite index of prices for federal-aid highway construction 
Was at approximately 140 at the beginning of 1973, or an in- 
crease averaging 6.6 percent per year. For the purposes of 
this study it appears conservatively reasonable to assume that 
prices for items used in this estimate, on the average, have 
increased a like amount. For this reason, the estimate of 
costs included in this report reflect a 6.6 percent per year 
inflation surcharge for the years 1970 (the year after the 
last bid prices used in the estimate were opened) through 1973. 
Tt should be emphasized here that the cost estimates are accu- 
rate only if a tunnel contract were let in 1973. Each addi- 
tional year will undoubtedly incur additional costs, 
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C. DESIGN CRITERIA 


The Highway Design Class of the Rochester Outer Loop is Ul Free. 
According to the Highway Design Manual of the New York State 
Department of Transportation, a roadway of this classification 
has either three or four travel lanes, each 12 feet in width, 

a left shoulder width of six feet and a right shoulder width 
of 12 feet. In order to keep construction costs to a minimm 
“in this study, a eaersyi | oat was chosen which would alow 
three travel lanes. The section is sub-standard however, in 
that it does not provide shoulders on either side. Again, this 
was done to minimize costs. Other criteria considered in the 
design of the alternates studied by this report include the 


following. | 


1. Maximum allowable grades shall be five percent. 
This is greater than the standard allowable four 
percent but is necessary in order that the tunnels 


meet end points. 


2, Minimm clearance in the tunnel section shall be 


14' 6", 


3. As nearly as practicable, the same class of service 


shall be provided for all alternates, 
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Ventilation buildings shall be designed such that 
they comply with the flight line clearance require- 


ments for Monroe County Airport. 


Damage to Genesee Valley Park shall be kept to an 


absolute minimum. 


That portion of Genesee Valley Park involved in 
construction of the alternates shall be restored, 


as nearly as practicable, to its original condition. 
Maximum curvature shall be 5 degrees. 


Normal flow and traffic shall be maintained in the 


Genesee River, Red Creek and the Barge Canal. 


Measures shall be provided to minimize contamination 


of existing waterways. 
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D. TUNNELING METHODS 
Highway tunnels can be classified into two very broad categories: 
(1) tunnels constructed from the surface, and (2) tunnels con- 


structed by mining methods. 


The first category deals with the two types of tunnels where 
the major construction operations are accomplished from the 
surface; namely; cut-and-cover tunnels and trench tunnels. The 


latter is used exclusively for subaqueous work. 


In the trench method, Me esiricdted tunnel sections are con- 
"structed in shipyards or dry docks, (See Fig. 1 and 2), floated 
to the tunnel location, (See Fig. 3), sunk into a dredged trench, 
(See Fig. 4), joined together underwater, (See Fig. 5), and the 
trench backEinleaes Although a trench tunnel is usually much 

less costly than one constructed by the use of a shield and com- 
pressed air, the mech is not adaptable to every river crossing. 
Only when subsurface soil conditions, river current, volume and 
character of river traffic, availability of construction facilities, 
and type of existing waterfront structures are favorable does 

the trench method offer an economic advantage over alternate 


construction methods. 


At the site of these studies the lack of nearby shipyard or dry 
dock facilities and the need for extensive deepening of the 


Genesee River to accommodate the floating of prefabricated tunnel 
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Prefabricated tunnel section under construction at shipyard 
(Baltimore Harbor Tunnel, Maryland). Tunnel section accomodates 
two 11 foot wide traffic lanes in each of its two tubes. 





Figure 2 


Completed 300 foot-long tunnel section being launched from 
shipway. (Baltimore Harbor Tunnel, Maryland). 
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Figure 3 


Prefabricated tunnel section being towed from shipyard to 
project site for outfitting prior to sinking. (Chesapeake 
Bay Bridge-Tunnel, Virginia). Single tube tunnel section 
carries two 12 foot wide traffic lanes. 
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Figure 4 


Artist's drawing of prefabricated tunnel section being sunk 
into prepared trench. (Trans-Bay tunnel for Bay Area Rapid 
Transit System, San Francisco, California). 
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Figure 5 


Artist's drawing of underwater joining of prefabricated tunnel 
sections (Trans-Bay Tunnel, BART, California). 





Rear view of tunnel shield operating in compressed air atmosphere. 
Workers in the lower right are erecting tunnel lining under pro- 
tection of shield (Lt. William F. Callahan, Jr., Tunnel, Boston, 
Massachusetts). Completed bore carries two 10'-9" traffic lanes. 
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sections involve cost penalties of such magnitude that the trench 


method is considered not feasible at the subject locations. 


A comprehensive study of a tunnel constructed by cut-and-cover 
methods was made. The details of this construction method are 


contained in Section E under the heading of "Alternate One". 


The second category of tunnel classification refers to those 
tunnels which are constructed without removing the overlying 

rock or soil. Usually this category is sub-divided into two 
groups according to the required construction method. These 
methods are named to reflect the overall character of the material 
to be excavated, i.e. hard rock and soft ground. In most cases, 
hard rock tunneling is less expensive than soft ground tunneling. 
From the limited subsurface soil information available in the 
study area it appears that soft ground tunneling should be avoided 
at this site. Since the tunnel is located well below ground water 
level and the soft ground is likely to need immediate and heavy 
support during construction, extremely expensive soft ground 
tunneling techniques gare likely shield and compressed air, 

see Fig. 6) would be required. Further complications would be 
encountered with soft ground tunneling in the study area because 
the construction of a tunnel of the required size beneath the 
Genesee River would involve a "mixed face" (a combination of soft 
ground and hard rock) heading. Blasting would be required to 
remove the rock, The maintenance of necessary air pressure and 
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adequate support in the excavation during blasting operations 
results in a hazardous and extremely costly operation. Therefore, 
the studies were directed to alternate schemes which would not 


include a soft ground tunnel section. 


A study was made of a tunnel constructed by mining methods for 
those portions of the tunnel located in rock, with connections 
on each end constructed by cut-and-cover methods. Details of 
this study are included in Section F. under the heading of 


"Alternate Two.” 


In recent years, tunnel boring machines have been developed for 
rapid excavation in rock, (See Fig. 7). The possible use of such 
a machine at the study area was investigated. To accommodate a 
three-lane roadway configuration would require a machine of un- 
precedented size; approximately 49 feet in diameter. Such a 
machine is estimated to cost about nine million dollars. * 

It is not considered reasonable to expect a contractor to be 

able to capitalize the cost of this expensive, single purpose, 
highly sophisticated piece of machinery on a project of this size. 
In addition, the time delay involved in designing and constructing 


a suitable tunnel boring machine could reduce the savings in 


* Cost estimated from "rule of thumb" formula developed by the 


U.S. Bureau of Reclamation in 1969. 
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‘construction time (should the machine perform satisfactorily) 
to a point where overall progress on the project would not be 
materially record: For these reasons, all rock tunnel cost 
estimates are based on classical excavation methods, without 


consideration of the use of boring machines. 
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Figure 7 


Hard rock tunnel boring machine manufactured by Habegger Ltd., 
Thun, Switzerland. Machine can bore a tunnel from 10'-6" to 
11'-9" in diameter. Material handling and tunnel support 
erection systems not shown in photograph. 
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Figure 8 
Driving steel sheet piling to support the sides of the excavation 


(New River Tunnel, Florida). Note man on top of sheet pile in 
upper portion of photograph. _ 


Bie ore 








| 1 Ee 


oe ae 





uy 
« d 
is ! Ps € 
by ‘ : 
ie ae Pe 
a Me 
anys ‘apo 
, , } 
ae ; i 
¥ ‘] ™ : Der 






han . “ ot na ag 
wei 


MO tseveIXs ers’ Yo ob ie 6 die 
ths fig, dete, Mp 90S. 











E, ALTERNATE ONE 

‘The most common method of tunnel construction in urban areas 

is “hie cut-and-cover method. As the name implies, the method 
consists of excavating an Bpen cut (See Fig. 8 and 9), building 
the tunnel SuEhioi ee cut (See Fig. 10), and backfilling over 

the completed structure. Under ideal conditions this is the 

most economical method of constructing tunnels Located at shallow 
depths. However, at the study location the maintenance of sur- 
face traffic (rail, vehicular and pedestrian) and maintaining 

the flow of the Genesee River and Red Creek will add a substantial 


amount to the construction costs. 


In order to make the Genesee River Crossing it will be necessary 
to build the tunnel in two stages. The first stage will consist 
of constructing the tunnel across approximately one half the 

river width (See Fig. 11). Upon completion of Stage 1, the tunnel 
will be backfilled, the sheeting and bracing removed, and the 
river flow diverted over the completed IeeCeLOH: Stage 2 con- 
struction will be similar to Stage 1, with the excavation occupying 
the remaining oorpies of the river crossing. In order to maintain 
river flow and to eliminate possible flooding upstream from the 
river crossing it will be necessary to widen the Genesee River 

to the east while the west cofferdam is in existence, and then to 
widen the river on the west side during the construction of the 


tunnel on the east (See Plate One). 
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Completed excavation for cut-and-cover tunnel. (Center Leg 
Mall Tunnel, Washington, D.C.). Excavation supported by 
soldier beams and wood lagging held in place by tie-back beams. 





Figure 10 


Placing reinforcing bars for bottom slab and walls of tunnel 
structure. (Center Leg Mall Tunnel, Washington, D.C.). Dark 


area in center of photographs is membrane waterproofing for 
underside of tunnel. 
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Figure Li 


Stage 1 construction of river crossing for cut-and-cover tunnel. 
(Harvey Canal Tunnel, Louisiana). Note provisions in the fore- 
ground for maintaining railroad and street traffic. 
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Red Creek presents another somewhat formidable obstacle to the 
construction of Alternate One. It will be necessary for the 
construction to proceed an optimum distance from Red Creek, 

divert Red Creek over the finished construction, complete the 
tunnel construction at the former location of the creek and finally 


return the creek to its original location. 


As pointed out earlier, the tunnel is located below ground water 
pantie An extensive dewatering system will be required during 

the construction period so that the tunnel can be built “in the 
dry". The physical and financial hazards of large scale dewatering 
operations are well known to the engineering community. (See 

Figs. 12 and 13). The University of Rochester's Nuclear Center 

at the eastern end of this project is of prime concern. In order 
to minimize the lowering of the ground water table, the tunnel 
cross-section is arranged with the ventilating air ducts at the 
same level as the roadways. (See Plate Two) This layout of 

air ducts permits the shallowest possible excavation under the 
Genesee River, resulting in the lowest possible grades. A four 
foot thick protective blanket is provided over the tunnel section 
where it passes under the river. The river underclearance controls 
the vertical alignment of the tunnel, yielding the profile shown 

on Plate Three. Horizontal alignment is controlled by the need 

to tie into the existing completed portion of the Outer Loop. 


(See Plate Four and Four A). 
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Figure 12 


Heavy leakage of ground water through faulty construction joint 

in’ tremie concrete seal. (New River Tunnel, Florida). Attempts 
to stop water inflow by injecting grout through grout needles in 
the foreground of photograph proved unsuccessful. 


Excavation was 
allowed to flood and repairs were made underwater. 





Figure 13 


Settlement cracks in building adjacent to cut-and-cover 
excavation (Mobile River Tunnel, Alabama). 
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‘Based on the foregoing, Alternate One involves a tunnel instal- 
lation of the following major dimensions: 

Tunnel length, portal to portal ..... eee AVONOCELE 

Open depressed approach Structures ....... 900 ft. 


Total length of installation from 
grade point to grade point ........... Ug aah Ne LB haha 23 


The details of the estimated construction cost of Alternate One 


are contained in Section H. 
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F, ALTERNATE TWO 
Since cut-and-cover tunnel eoneer eet ae within the limits of 
the Genesee Valley Park would cause large scale, long term 
disruption in this sensitive area, a second alternate which 
would have a less destructive effect on the park grounds was 
studied. In this alternate the tunnel profile is lowered so 
that all tunnel construction within the park would bed ecaced 
in the existing underlying rock. The tunnel would be constructed 
through this rock by mining methods (commonly termed a "driven | 


tunnel"). 


Although the depth to rock and rock type have been determined 
by shallow borings, the study of Alternate Two was very severly 
hampered by the lack of quantitative and qualitative information 
on the engineering properties of the underlying rock. This 
lack of subsurface information is particularly serious in the 
Rochester area because destructive rock movements have been 
experienced throughout this region when the rock has been 
disturbed or unloaded by excavations. To obtain the necessary 
data needed to make a completely realistic design and cost 
estimate would involve heavy expenditures of time and money 
which cannot be justified at this stage of the investigations. 
In the absence of this information on the rock stratum, several 


assumptions were made in order to complete the study. All of 
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these assumptions are regarded as optimistic. Therefore, it 
must be emphasized here that the design and cost estimates de- 
picted in this report should be considered absolute minimum 


values. 


In the event later subsurface explorations reveal that the 

rock is highly stressed and will exert extraordinary pressures 
on the tunnel structure, or that the rock will be sufficiently 
permeable so as to preclude control of water inflows by nominal 
pumping, the cost of Alternate Two could easily increase as 
much as 300% and required construction time could double. More 
precise definition of these upper limits is regarded as outside 


the scope of this report. 


The drill and blast cycle of tunnel excavation continues to 
dominate as the construction procedure for large sized under- 
ground openings such as highway tunnels. Generally, the cycle 
has the following sequence: 

1 - Drilling (holes are drilled in a predetermined pattern 

in the rock face to be excavated). | 

2 - Shooting (holes are loaded with explosives and detonated). 

3 - Ventilating (fumes from blast are removed from tunnel). 

4 - Mucking (broken rock is loaded inte trucks and hauled 


out of tunnel). 
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5 - Erecting supports (structural steel ribs are placed in 

tunnel to maintain opening until final concrete lining 

is placed). 
If the rock is highly competent (hard and massive) a length of 
the full tunnel cross-section could be excavated with each drill 
and blast cycle. This procedure is known as the "full-face 
method." However, rock of such high quality is extremely rare 
at the shallow depths being studied here. It is reasonable to 
assume that in an excavation as large as that required at this 
Site, the rock will not remain self-supporting long enough for 
‘the mucking operations to be completed and supports installed. 
Therefore, something less than the full tunnel cross-section 
must be excavated so that the rock will not Peeaie unsupported 
beyond its "stand-up time."' It has been assumed that the material 
here will be of sufficient quality to permit driving of the tunnel 


by the "top heading and bench" method (See Fig. 14). 


In this procedure, the upper portion of the tunnel is excavated 
(top heading) from portal to portal as one operation. The lower 
portion of the cross-section, or bench, is then removed as a 
separate second operation. This method of construction is 


illustrated in Figs. 15 through 19. 


The cross-section for the driven tunnel portion of Alternate 


Two is shown on Plate Five. A semi-circular roof arch with 
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Figure 14 


Diagram of "top heading and bench!'' method of tunnel excavation. 





Figure 15 


Rail-mounted top heading drill jumbo. (Straight Creek Tunnel, 
Colorado). This piece of equipment contains platforms on which 
drills are positioned for drilling at the working face of the 
tunnel. Explosive truck is shown passing through jumbo on its 
way into the tunnel to load holes. Arch steel is being placed 
on jumbo for erection when mucking has been completed. Tunnel 
Section consists of two 13 foot wide traffic lanes. 
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Figure 16 


Erecting arch steel from drill jumbo in top heading. (Straight 
Creek Tunnel, Colorado). 





Figure 17 


View of rock face in top heading. One drill and blast cycle has 
been completed and face is being inspected prior to beginning the 
drilling operations for another cycle. (Straight Creek Tunnel, Colorado, 
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Figure 18 


A completed section of top heading. (Vista Ridge Tunnel, 
Oregon). Tunnel section carries three traffic lanes in a 
41 foot wide roadway. 





Figure 19 


View of completed tunnel excavation. In the foreground forms 
are being moved into position for placing of the permanent 
reinforced concrete tunnel lining. (Big Walker Mountain Tunnel, 
Virginia). Tunnel accommodates two 13 foot traffic lanes. 
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Straight sidewalls is used to take advantage of the arching 
action of the tunnel structure and the surrounding rock. It 
is also expected that this cross-section can be blasted with a 


minimum amount of overbreak. 


Vertical alignment of this alternate is controlled by the 

height of rock needed above the tunnel arch to permit driving 

the tunnel (See Fig. 20). A height of ten feet above the 

tunnel crown at the boundary lines of Genesee Park was selected 
for study purposes with the full realization that such a dimension 
is very close to an absolute minimum figure. Rock cores taken 

in anticipation of the construction of a viaduct indicate that 

the upper ten or so feet of rock is badly broken. This amount 

of rock cover is one of the optimistic assumptions previously 


referred to and yields the profile shown on Plate Six. 


The distance between tunnel bores (pillar width) introduces 
new horizontal curvature in the tunnel alignment as shown on 
Plate Seven and Seven A. Here again good rock conditions are 


assumed and a pillar width of 50 feet is used (Plate Eight). 


As discussed in Section D, soft ground tunneling is considered 
to be too costly and hazardous at this location to be included 
as a practical and reasonable scheme. Instead, the driven tunnel 


is connected to the approach ramps by 2 cut-and-cover tunnel 


-30- 



























i ah 7 : 

| Fay tak tes r aay Ey 
vy ome, Ae 
ce a a i 
. he + ie = . nea ‘ 7 


~4y 


wt ae 


rid, « date betesid ed mad Ree: : 


gaivizb Jimraq og dows toa 


— 


a 
eit evods tsat meg to aigtod * 
- fi) 


: ; The 

bejopleae saw Ate poagnee to ‘sant. sebeuod orl sim 
oes Dr va sf 
\ ry 
otenemib s cove geda doltsesi iss ot 1a, 93 asiw conceit 
sestoo Ao0h .otiogiio apereny atuioeds om ok porte 
Ae 
(4 esiasoibat roubaiv 8 20 noksourtana, orl $a vm 
tiy  Jnedorad ylbsd et to03 to “teed oe 30) net 8991 
. } he © a oh #] 

avolverg esoliqawmees o2 Jeimbsge. 239 [Ag aro ‘et ‘Seveo fous Se 


Ad a Te ee 
xe sotalt oo owode ities Hees ban 03 bers ake 
ji ike i 


ssoubottint (d2biw wel ite 9) woth a sand notwind onset @ 


é 


no fwode af snotmetios Llennvd edd rh. le on 
. | a 


ts acolitbaos 290% nee alage voli Sai 


~ 


_(jcats eteld) been et 4e9% bi to : 


P 

axebianon ef gatisnnss bauer, soe al a ike 
- ¢* r . — i “<r 

bebutont ed of moktaool aida ery bene 

i Lerrenss3 nevixd end .beosent sanods 9 


Lonny} tevoo+bas-ayo 6 Ra ae 
saps ar vedi By 
, af é ‘Nig 





Figure 20 


Beginning of tunneling operations after excavation has exposed 
rock face. Contractor's plant has not yet been constructed for 
full scale tunnel driving operations. (Big Walker Mountain 
Tunnel, Virginia). 
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section at each end. The horizontal and vertical alignment of 
these cut-and-cover connections is dictated by the driven tunnel 
location, acceptable grades, and fixed end points. These con- 
nections will be constructed in manner similar to that described 
for Alternate One. A slightly different cross-section is used 
in these cut~-and-cover segments than was used in Alternate One. 
The ventilation air ducts have been relocated from the sides of 
the structure to the area above the tunnel roadways (See Plate 
Nine). The following two main advantages are gained by this 
relocation: 
1 - depth of backfill over structure is reduced thereby 
reducing roof loadings. 
2 - air duct transition from cut-and-cover sections to 
driven tunnel is simplified and pressure losses 
in ventilation System are reduced. 
The transition from the box section with air ducts to the box 
section without air ducts (both cut-and-cover sections} to the 
open walled section is shown on Plate Eleven. Based on the 
foregoing, Alternate Two involves a'tunnel installation of the 
following major dimensions: 
yA pated hae ps eb oh SEU Cal ah rep eT =P i OAS RE Nene a EPR ARP eee MrT Ate | OW ck ei 
Length of cut-and-cover tunnel RS LDR ea itr ie se 
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Open depressed approach structure .............. 1,400 ft. 


Total length of installation from grade 
Der C ieee Bem U i ued. kn Wis Grub Wis asa'e ee G8 hee hs S. 050K ce. 


The details of the estimated construction cost of Alternate 


Two is contained in Section H. 
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G. DESCRIPTION OF DESIGN FEATURES 
Open Depressed Approach Structures 

The roadways will be carried from the tunnel portals to grade 
point in open depressed approaches. These approaches will be 
"U" shaped reinforced oars! retaining wall structures of 
pyeeietent weight to Posnsetece the hydrostatic uplift caused by 
flood conditions (See Plate Eleven). These structures will be 
encased in a vateunetot envelope of four ply membrane waterproofing. 
Transverse expansion joints at regular intervals are provided to 


control cracking due to temperature changes. 


ig ie very desirable to poe ine the portals and the faces of the 
retaining walls with an architectural treatment which will reduce 
the ambient brightness level in the tunnel approaches. This 
treatment will reduce lighting contrasts and prevent the tunnels 
from appearing as "black holes." cums many such treatments, within 
a wide range of costs, could be used, the estimate does not include 
this item as a significant expense. 

Drainage 
All rainwater falling on the open approaches will be drained to 
the curb lines which will convey the water to the cross drains 
at each portal. The cross drains carry the drainage to a sump 
in the underground pump rooms located at each portal (See Plate 
Twelve). Automatically controlled, electrically powered pumps 


will discharge the drainage water into existing storm water systems 
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or into the Genesee River. At the low point in the tunnel 
profile another cross drain is provided to collect tunnel washing 
water and any seepage which might occur. Automatic pumps at 

this location will discharge the water through pipes in the 


tunnel walls to either or both portal pump rooms. 


The driven tunnel in Alternate Two will be provided with a drainage 
system befind the tunnel walls and below the roadway. This system 
will intercept subsurface water and carry it to the low point 
pump room. 

Tunnel Ventilation 
It is necessary to provide mechanical ventilation for the entire 
length of tunnel for both alternate studies. The capacity of the 
ventilation system is based on introducing a sufficient volume 
of fresh air into the roadway areas to provide a safe and con- 
fortable atmosphere and to prevent any smoke or haze which might 
have an adverse effect on visibility. To insure the safety of 
‘the traveling public, especially in the event of a fire in the 


tunnel, a "transverse" system of ventilation is used. 


The transverse ventilation system simultaneously supplies fresh 
air to the tunnel roadways while extracting the vitiated air. 
Blower fans (See Fig. 21) located in each of the two ventilation 
buildings draw in fresh air through Louvres in the building walls 


and force it into the fresh air ducts of the tunnel structure. 
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Figure 21 


Blower fans used for supplying fresh air to tunnel ventilation 
system. (Baltimore Harbor Tunnel, Maryland). 





Figure 22 


Carbon monoxide analyzers and recorders (Lowry Hill Tunnel, 
Minnesota). 


Ee 











’ 
ro ve i 
it eS da 
y * 2 : pe if ae ones 
ae , SS Brits? 
i ’ 5 “a? a 
; 24 Tpke, eel - Lae YT mk? *tahto9s af 
F ; ‘ ie : , a : ek i, a . 
: 7 (ele Fy) vr 






The fresh air is delivered to the roadway area at regular frequent 
{iieemtale to insure a uniform distribution of air through the tunnel 
length. In the case of Alternate One the fresh air will pass through 
Slots, or port openings, in the wall separating the fresh air duct 
from the tunnel roadways. In Alternate Two, flues leading from the 
overhead fresh air duct will carry the air down to roadway level. 
The air, after diluting the exhaust gases generated by traffic, 

will be drawn into the tunnel exhaust ducts through regularly spaced 
port openings in the walls (Alternate One) or in the tunnel ceiling 
(Alternate Two). The air will then be drawn through the tunnel 
exhaust ducts by the exhaust fans in the ventilation buildings 

and expelled into the outside atmosphere through high Evase 


stacks above the roof of the buildings. 


The air quality in the tunnel will be constantly monitored by carbon 
monoxide analyzers and recorders located in each ventilation building 
(See Fig. 22). Samples of air will be continuously drawn into the 
analyzers where the carbon monoxide content is determined and 
recorded on a graph. Adjustable contacts within the analyzers 

will automatically adjust the fan operation (that is, the number 

of fans operating and the speed at which they are operating) to 
maintain the purity of the tunnel atmosphere. A manual override of 


automatic operation will be provided at the central control board. 
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Ventilation Buildings 


The mechanical and electrical equipment will be housed in above- 
ground buildings located near each portal. The buildings are 
sized to enclose the equipment, with sufficient space provided 
for maintenance and servicing of the equipment. Because the 
project is situated on the aircraft approaches to Monroe County 
Airport, the building on the west end of the project eM 
limited in height. For economy of construction, both buildings 


in each alternate are made identical in size. 


Buildings will be of fire proof, industrial type construction with 
an architectural treatment in keeping with the surrounding areas. 
For Alternate One buildings about 60 feet high, 66 feet long and 
144 feet wide are required. For Alternate Two building dimensions 
are approximately 48 feet high, 155 feet long and 123 feet wide. 
Tunnel Lighting 

Each roadway has two continuous rows of fluorescent fixtures, one 
on each wall. Supplemental lighting inside the entrance portals 
increases the lighting intensity in these areas in order to reduce 
the optical shock of traveling from natural to artificial lighting. 
Lighting levels are automatically controlled by photoelectric 
cells located near each portal with manual overrides in the 
control board. Lighting fixtures are wired in a manner which 
will prevent a total black-out of the tunnel in the event of a 


failure in any circuit. 
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funnel Finish 

A ceramic tile finish on the tunnel walls and ceiling will increase 
the brightness Level and uniformity of the tunnel lighting system. 
This material provides a permanent surface which is relatively 


easy to clean and maintain. 


Niches for traffic control equipment, fire alarms, fire extinguishers, 
emergency telephones and fire valves are spaced at regular intervals 
in the tunnel walls. Splicing chambers for high tension electrical 
cables are located in the tunnel walls and sidewalk manholes are 
provided for low tension electrical conduits and ducts. To permit 
the use of wall cleaning machines, all niches are recessed in the 
walls and are provided with suitable frames and covers. 

Electrical Installation 
It is essential that the tunnel be adequately illuminated and 
ventilated at all times. In order to insure complete continuity 
of service, two separate and independent sources of electrical 
energy will be provided. It is Jae that realiability of service 
in the Rochester area will be such that emergency generating 
equipment will not be required and the cost of such equipment is 


not included in this estimate. 


Transformers for reducing primary voltage to the needs of the tunnel 
equipment and capable of carrying the full power load, will be 
located in each ventilation building, with cross-tie cables in the 
tunnel. Separate switches and controls are provided for each fan 
unit, lighting circuit, drainage pump and their auxiliary systems. 


(See Fig. 23) 
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Figure 23 


Transformers and switchgear in electrical system. (Hampton 
Roads Tunnel, Virginia). 
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Figure 24 


Central control room (Louis-Hippolyte Tunnel, Montreal, Canada). 
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Control Equipment 


In order to minimize the number cof operating personnel required 

at the tunnel, the latest in automatic equipment has been 

incorporated in the mechanical and electrical installations. 

In addition, a closed circuit television system will be installed 

to aid in tunnel traffic control and to locate emergency situations. 
The TV system, along with controls for the other equipment will 

be centralized in a control room, located in one of the ventilation 
buildings, from which one man can oversee the entire tunnel operation. 
A control room similar to, but less luxurious than, the one shown 


in Fig. 24 will be provided. 


Fan units and pumps will be equipped with local WON eee which 
will permit isolation of the equipment for maintenance and 
servicing. 

Emergency Equipment 
Garages are provided at each end of the tunnel to house special 
emergency vehicles. In Alternate One the garages are located 
as close as practicable to the tunnel portals. Alternate Two 
allows the garages to be located between the tubes at each 
portal (Plate Thirteen). Both Alternates enable emergency vehicles 
to enter the tunnel "against traffic'"'. These vehicles will be 
manned by trained individuals on an around-the-clock basis and 
the vehicles will be fully equipped to cope with any emergency 


situation (See Fig. 25). 
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Figure 25 


Emergency vehicles (Baltimore Harbor Tunnel, Maryland). These 
special, short wheel-base vehicles were not equipped with fire 
fighting, first aid, rigging, and forcible entry equipment when 
photograph was taken. 
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The control room operator will be capable of summoning outside 
assistance (police, fire, or ambulance service) through direct 


telephone connections. 


All equipment outages or malfunctions (overheating, overspeed, 
etc.) will trip alarms and/or signal lights on the control board. 
Equipment rooms will be provided with sprinkler or foam systems, 
fire alarms, fire extinguishers and telephone communications with 
the control room. Pump room sumps will be equipped with automatic 
foam systems to extinguish water borne petroleum fires and to 

cee oe build-up of explosive gases. All pumping equipment will 


be explosion proof. 


Motorists in distress can call for assistance from within the 
tunnel by using the communications facilities located in the 


niches described under "Tunnel Finish". 
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SECTION H. 


This section contains an itemized breakdown of the 
quantities, prices and total amounts for the various items 
required in the construction of Alternates One and Two. [It 
has been stated before in this report and it is reiterated 
here that the itemized costs, and hence the total costs, are 
absolute minimums. They are completely supportable, however, 
since the same item prices have been bid on similar projects 
elsewhere. When either of the alternates is constructed, it 
can be expected that many of the item prices will increase 
and that the total cost will be substantially higher. The 
reasons for this are as follows: 

1. No attempt has been made to adjust the item prices 
geographically. Construction costs in the Rochester 
area are higher than average. 

2. The factor used for inflation is low. The State 
generally uses a figure nearly twice that used in 
this estimate, 

3. Optimistically favorable natural conditions were 
assumed. 

It is, therefore, recommended that those who use these figures 
do so only with extreme caution and full realization that con- 
siderable upward adjustment in item costs and total cost will 

probably be necessary. 
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I, TUNNEL OPERATION AND MAINTENANCE COSTS 


The total estimated costs outlined in Section H. include 

the latest in labor saving traffic control and safety devices, 
however, efficient safe operation and maintenance of either 
Alternate requires a staff of both permanent and part time 
personnel. Materials and supplies, the major of which is 
electrical power, are also required. The following pages 
summarize the major categories of necessary annual expenditure 


and then break the major categories down item by item. 


Been eeatdorn of costs includes the absolute minimum number. of 
personnel required for the operation of either alternate. The 
staffing Saeperns will probably change and the number of personnel 
be increased as the operational problems peculiar to either of 


the alternates become known. 


The estimate for operation and maintenance does not include 
provisions for salting, sanding, and removal of snow from the 
open sections on the ends of both alternates. It is assumed 
that CHS TRG: will be accomplished by regular State highway 
crews. The estimate also does not include police patrol of 
the tunnels. It is assumed that these duties will be handled 
by the law enforcement units patroling the area where the 


tunnels are located. 
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Although maintenance and operation costs for Alternates Three 
and Four were not broken out, it is assumed that they will 


approximate the figures estimated for Alternates One and Two. 


SUMMARY 


Estimated Annual Tunnel Maintenance and Operating Expenses 


ALTERNATE ONE 


Maintenance Personnel S$ '45;243 
Maintenance Materials and Supplies 9,600 
Operating Personnel 280,047 
Operating Materials and Supplies 90,820 


TOTAL $ 425,710 


ALTERNATE TWO 


Maintenance Personnel S 54,421 
Maintenance Materials and Supplies 12,200 
Operating Personnel 280,047 
Operating Materials and Supplies LiL 700 


TOTAL  §$ 458,368 
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BREAK- DOWN 


OF 


ESTIMATED ANNUAL TUNNEL MAINTENANCE 


AND OPERATING EXPENSES 


Alternate One: Cut & Cover Tunnel, 4,300 ft. long, portal to 


portal 


Maintenance Expenses; 


Personnel 


2 Ventilation and electrical mechanics 


(8 hours daily 2@ S$ 9, 
1 Laborer 
(8 hours daily) 1@ ras 


2 Electricians 


831 


061 


(8 hours weekly) 2@ 11,009 x 0.20 


Ll Laborer Foreman 


(4 hours weekly) 1G 8,518 x 0.10 


4 Laborers 


(4 hours weekly) 4@ 7/06) x7 0210 


Plus 10% of Subtotal for Relief 


Subtotal 


Plus 20% of Subtotal for Fringe Benefits 


insurance, etc. 


Total Maintenance Personnel 


Materials and Supplies 


Relamping (2,500 @ $2.00) 
Gasoline (1,000 gals. @ $0. 
Lub. Oil (100 gals. @ $1.20 


Fuel Oil for heating (10,000 gals @ $0.12) 


Equipment Lubricants 
Water for tunnel cleaning, 


a ac 


Se 
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etc, 


$ 


$ 


$ 


19,662 


7,061 


4,404 
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Detergents for tunnel washing 

Repairs and replacements 

Miscellaneous expendable items 

Total maintenance materials and supplies 
Operating Expenses; 


Personnel 


1 Tunnel Supervisor 
(8 hours daily) 1@ $ 17,796 


l Tunnel Operator 
(24 hours daily) 1@ $ 14,480 x 4.5* 


4 Wrecker Crewmen | 
(16 hours daily) 4@ S$ 10,750 x 3.0* 


2 Wrecker Crewmen 
(8 hours daily) 2@ S$ 10,750 x 1.5 


Subtotal 


Plus 20% of Subtotal for Fringe Benefits, 
insurance,etc. 


Total Operating Personnel 


$ 


$ 


860 
400 
70 


9,600 


Ligioe 


55,160 


129,000 


32,250 


$ 234,206 


46,841 


$ 280,047 


* Factor to account for vacations, sick leave, etc. 


in order to maintain manning of post for more 
than one 8 hour shift. 


Materials and Supplies 


Electrical Power 
Lighting, controls and auxiliaries 
Ventilation 





3,755,000 KWH @ $0.024 


Telephone and miscellaneous services 
Expendable materials 


Total operating materials and supplies 


ad 3 i 





3,000,000 
755,000 
3,755,000 
$ 90,120 
550 

150 

$ 90,820 
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BREAK- DOWN OF 
ESTIMATED ANNUAL TUNNEL MAINTENANCE 
AND OPERATING EXPENSES 


Alternate Two: Driven and Cut & Cover Tunnel, 
5,500 £t. long, portal to portal 


Maintenance Expenses: 


Personnel 


2 Ventilation and electrical mechanics 
(8 hours daily) 2@ S$ 9,831 


2 Laborers 
(8 hours daily) 2@ S$ 7,061 


2 Electricians 
(8 hours weekly) 2@ $11,009 x 0.20 


1 Laborer Foreman 
(4 hours weekly) 1@ $ 8,518 x 0.10 


4 Laborers Mi 
(4 hours weekly) 4@ $ 7,061 x 0.10 


Subtotal 
Plus 10% of Subtetal for Relief 


Plus 20% of Subtotal for Fringe Benefits 
insurance, etc. 


Total Maintenance Personnel 


Materials and Supplies 


Relamping (3,100 @ $2.00) 

Gasoline (1,100 gais. @ $0.35) 

Lub. Oil (100 gals. @ $1.20) 

Fuel Oil for heating (14,000 gals. @ $0.12) 
Equipment Lubricants 

Water for tunnel cleaning, etc. 
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Detergents for tunnel washing 

Repairs and replacements 

Miscellaneous expendable items 

Total maintenance materials and supplies 
Operating Expenses: 


Personnel 


1 Tunnel Supervisor 
(8 hours daily) 1@ $ 17,796 


1 Tunnel Operator 
(24 hours daily) 1@ $14,480 x 4.5% 


4 Wrecker Crewmen 
(16 hours daily) 4@ $10,750 x 3.0* 


2 Wrecker Crewmen 
(8 hours daily) 


Subtotal 


Plus 20% of Subtotal for Fringe Benefits, 
insurance, etc. 


Total Operating Personnel 
* Factor to account for vacations, sick leave, 


etc. in order to maintain manning of post for 
more than one 8 hour shift. 


Materials and Supplies 

Electrical Power 

Lighting, controls and auxiliaries 
Ventilation 


4,625,000 KWH @ $0.024 


Telephone and miscellaneous services 
Expendable materials 


Total operating materials and supplies 
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55,160 
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32,250 


$ 234,206 


46,841 


$ 280,047 
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$ 111,000 


550 
150 


§ 111,700 
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J, ALTERNATES THREE AND FOUR 
As stated in Section A, only Alternates One and Two were 
studied in detail. In order to arrive at appropriate cost 
figures, preliminary design of those alternates was under- 
taken. It is assumed, due to a minimal amount of subsurface 
information available, dad to allow for a timely completion of 
this study, that the preliminary HenT ER Tor miner tes Three 
and Four can be eliminated and that the costs of these alternates 
could be estimated on a pro-rated linear foot basis when com- 
pared to Alternates One and Two. The same design criteria and 
the same tunnel and depressed roadway sections that were assumed 
for Alternates One and Two are assumed for Alternates Three 


and Four. 


As can be seen on Plate Fourteen, Alternate Three, a cut and 
cover tunnel, yields a portal to portal instailation of 3560 
feet. This compares with a portal to portal installation of 
4300 feet and results in a decrease of 740 feet or 17 percent, 
The estimated cost of Alternate Three is $63,109,030. 

Alternate Four, a driven rock tunnel with cut and cover sections 
on each end (See Plate Fifteen), yields a portal to portal 
installation of 4900 feet. This compares with a portal to 
portal installation of 5500 feet and resuits in a decrease of 


600 feet or 1] percent. The estimated cost of Alternate Four 
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if $67,647,136. The line chosen for Alternates Three and Four 


is shown on Plates Sixteen and Seventeen respectively. 


Since both Alternates Three and Four portal just south of Bast 
River Road and are in open section for some distance in Genesee 
Valley Park, consideration was given to tunnel alternates which 
would portal outside of the park and east of the Lehigh Valley 
Railroad. Assuming the same conditions and methods utilized 

in arriving at estimated costs for Alternates Three and Four, 

a cut and cover tunnel through the park on Alternate Route B 
would cost $121,655,994. The cost of a driven tunnel along 

the same route is estimated at $101,222,676. mecause of the 
high costs involved, and because the park land south of East 
River Road is largely undeveloped, it appears that either 
Alternate Three or Four is preferable to a tunnel which portals 


beyond the park boundaries. 
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K. DISCUSSION OF RESULTS 


All four tunnel alternates require the acquisition of 
additional right-of-way. In the vicinity of Seottsville Road 
a tank farm must be acquired at an estimated cost of $4,000,000. 
This figure was not included in the turmel estimates, 

The minimum construction time fer any of the alternates is 
36 to 40 months. This time could be doubled or tripled if rock 
problems or dewatering problems are encountered. Alternate One 
will result in a temporary loss of a green and tee on the golf 
course and will take approximately 600 mature trees. Alternate 
Three will involve fewer trees but will disrupt a major part 
of the golf course. Alternate Two does no damage to the park, 
and Alternate Four disrupts only that portion of the park south 
of East River Road. This land is not developed at present. 
Alternates Three arid Four will have exposed roadway on Genesee 
Valley Park land for 3300 feet and 2400 feet respectively. 

All alternates will require storage and disposed of exca- 
vated material. Alternates One and Three will require storage 
of material for a minimum of 30 months on park Land. The area 
necessary for storage will be approximately twice the width 
of the cut and cover excavation. Alternates Three and Four 
will restrict future flood control of the Red Creek drainage 
basin. 
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Prior to the comstruction of Alternates One or Two, the 
Brighton Sewer District No. 1 would necessarily be phased Sie 
Either of these alternates also precludes the construction of 
a planned bus transfer station between the Outer Loop and the 
proposed rapid transit system. 

During the construction of either Alternate One or Two, 
it will be necessary for the University of Rochester's Nuclear 
Center to cease operations. A portion of this structure is 
founded on end bearing piles and the rest is supported on a 
floating slab. The gntine Leeull by is extremely sensitive to 
vibration and changes in ground water levels. Vibration from 
blasting and movement of heavy equipment and changes im the 
water table level accompany the construction of both alternates. 

The Barge Canal is located directly adjacent te Alternate 
One and the eastern cut and cover portion of Alternate Two. 

To keep the canal in operation and canal water out of the cut 
and cover excavation will require considerable sheeting. The 
contractor will necessarily exercise extreme caution in this 

area. 

Alternate Two necessitates a major redesign of the West 
Henrietta Road interchange amd requires an eastbound Outer 
Loop motorist to travel an additional half mile to make the 


connection. This alternate also requires an eastbound Outer 
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Loop motorist to travel a distance in excess of a mile in order 
to gain access to Genesee Valley Park. 

The design of the west ventilation building presented 
somewhat of a problem in that the height of the building had 
to conform with flight line clearance requirements for Monroe: 
County Airport. Had the requirements allowed another 20 feet 
or so in height, the duct work could have been improved con- 


siderally. Even though the minimum requirements have been met, 


e a lied & 4 e a ° ® © " e 
a building of this height and at the location required is un- 


desirable. 

The speed limit om the Outer Loop is presently 65 miles 
per hour. Because the tunnel section for all of the alternates 
has no shoulders and because driving in a tunnel is an infrequent 
and unfamiliar experience to most motorists, the speed limit in 
the tunnel section must be reduced to 50 to 55 miles per hour 
initially and may be lowered as operational problems mentioned 
later in this section become known. Vehicles carrying explosives 
and certain chemicals, gasses and fuels must be excluded from 
entry to any tunnel. These vehicles will necessarily utilize 
city streets to bypass the section of the Outer Loop ccntaining 
the tunnel. 

Severe operational problems exist with ail alternates in 
the vicinity of the west portal and the Scottsville Road 


Interchange and are as follows: 
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1. Signing in tunnels has been previously attempted and 
all efforts have proved umsuccessful. The last sien 
available to a westbound motorist desiring to exit the 


Loop at Seottsville Road will be east of the tunnel 


facility, a mile or more from the interchange. 


i 2. The Federal Wighway Administration recomnends that no 

4 portion of any interchange be located closer than 1009 

i - feet to the portal of a vehicular tunnel. All four 
alternates are substandard in this respect. The portals 
for Alternates Two and Four have been widened so that 


westbound traffic can begin deceleration within the tunnel. 


Steep grades (5 percent) will severely affect the speed of 


s 


truck traffic. The slow moving vehicles will naturally 


occupy the right lane of the tunnel. Westbound traffic 





desiring to exit at Scottsville Road will have to either 
| follow the slow moving trucks in order to exit or pass 


slow moving traffic and hope to break across traffic in 


sh 


the right hand lane at the exit. This appears to be 


dangerous situation. 


4. Eastbound traffic entering the Loop from Scottsvilie Koad 
must accelerate, merge with eastbound Loop traffic, and enter 


the tunnel at the same time. Entering a tunnel alone is 
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4. a difficult enough experience for most people without 
having to cope with acceleration and traffic at the same 
time. A situation such as this is bound to be a source 


of accidents. 


Although the operational problems exist, each of the 
tunnel alternates is considered workable. During the design 
of the alternates the Scottsville Road interchange was completely 
redesigned to reduce the hazards to traffic. Elimination of 


the operational problems is impossible wnless the Scottsville 


Road interchange can be eliminated. 
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